We present a method to extract the CKM γ angle combining the Dalitz plot analysis from B ± → K ± π + π − and untagged B 0 ,B 0 → K s π + π − . Using Monte Carlo samples of 100K events for the neutral mesons, estimated for one year of data taken at LHCb, is possible to measure the CKM γ angle with a precision of ∼ 5 o . The method allows one to obtain also the ratio and phase difference between the tree and penguin contribution for the B 0 andB 0 → K * ± π ∓ decay.
Introduction
According to the Standard Model, CP violation is only possible through the CKM complex parameter. Interference between processes with different weak phases, contributing to a same final state, can generate asymmetry on charge conjugate B meson decays. The most well established methods to extract the CKM phases, explores the interference between the phases generated in the B 0B0 oscillation and the phase of a particular decay of these particles in a same final state. Using such approaches, there are already good measurements of the CKM β angle using the B 0 → J/ΨK s decay. However, the other two CKM angles, α and γ, remain with sizable uncertainties due to both experimental and theoretical difficulties. In particular, γ should be determined at the LHC [1] with precision of ∼ 5 0 , for one year of data taking. Beyond these measurements, there are several indirect manifestations of the CKM phases observed through asymmetries in B decays. In the two body decays scenario, direct A CP asymmetry was established by the experiments BaBar [2] and Belle [3] by simply counting the difference in number of events of the B 0 → K + π − and B 0 → K − π + decays. In three body B meson decays, BaBar and Belle [4, 5] claim the observation of direct A CP asymmetry in the channel B ± → K ± ρ 0 measured through the amplitude analysis of the final state B ± → K ± π + π − . This result takes into account the difference in the decay fractions among the intermediary states on the B + and B − samples. That is, the difference between the square of the fitted amplitude for each intermediary state integrated on the phase space. This quantity is a straightforward application of a two body strategy into the three body decays, including the requirement of a strong phase difference to observe an A CP asymmetry.
Besides the A cp amplitude asymmetry quoted by Belle and BaBar, one could explore asymmetry associated with interference terms of two intermediary states contributing, always present for two phase space neighbor resonances. Whenever, the phase difference between two neighbor interfering resonant amplitudes involves the weak phase, one should expect to see A cp asymmetry in the interference terms of the Dalitz plot amplitude. It is important to notice that this contribution to the A cp asymmetry, depends only on the existence of a weak phase difference and it can be observed even in situations where there are no amplitude coefficient or strong phase differences. It is a way of exploring the asymmetry in the Dalitz plot distribution rather than in its integral [6, 7] .
The idea of exploring the Dalitz interference of among intermediary amplitudes in three body B decays to get information from CKM γ angle, was initially proposed for the B ± → π ± π + π − decay [8] . In this approach, the Cabibbo suppressed amplitude
However, based on the already observed Cabibbo allowed B ± → χ 0 K ± channel [4, 5] and a recent Belle measurement [9] , one expects a low contribution for this intermediary state in the B ± → π ± π + π − decay . Meaning that in a short period of time, it would be very difficult to use this procedure to measure the CKM γ phase.
Following this approach, we present a new possibility to measure the CKM γ angle, exploring the interference terms in the amplitude analysis of three body B decays. The method combines the experimental data from
From the charged B decays we have the penguin amplitude coefficient and phase of the channel K * π. We then use this result to extract tree strong phase and amplitude coefficient and the weak phase γ, from the K * π amplitude from the neutral B system. The method is based in the ability to measure independently the relative amplitudes and phases for B 0 andB 0 decays in a joint no tagged sample. We show the feasibility of this approach using fast Monte Carlo studies inspired in the experimental results already available for some of the decays involved. We study the capability of determining the CP asymmetry A cp of B 0 andB 0 and the statistical error in γ for 100K events samples that corresponds to our rough estimative of one year production of the LHCb experiment based in reference [10] . 
and its graphics contributions
The amplitude analysis based in Isobaric model, is extensively used in non-leptonic three body heavy mesons decays. In such analysis, the possible resonant amplitudes are represented by Breit-Wigner functions multiplied by angular distributions associated with their spin. The various contributions are combined in a coherent sum with complex coefficients that are free parameters extracted from maximum likelihood fits. The absolute value of the amplitude coefficients are related to the relative fractional contribution of each channel, and the phases take into account final state interaction (FSI) between the resonance and the bachelor particle. This phase is considered constant because it depends only on the total energy of the system, i.e. the heavy meson mass. The non resonant three body contribution is usually assumed to be constant or a smooth function of the phase space variables. The presence of strong final state constant phases, can be directly reveled through the interference between two different amplitudes.
As mentioned above, BaBar [4] and Belle [5] published the amplitude analysis
The unusual non resonant parametrization from Belle, and unusual BaBar parametrization for the K ± π ∓ scalar contribution, are the main reasons for the non-compatibility among their results for these components. Besides these dominant contributions, both collaborations have found a little but significant contribution for the channel
Intermediary states a and b are dominated by V bt V * ts penguin diagram without weak phase 1 . The intermediary state c and d can have contributions from the same V bt V * ts penguin plus the tree contribution, V bu V * us , with weak phase γ. Finally, the charmonium contribution B ± → χ 0 K ± should be produced through a color suppressed tree component V bc V * cs , without weak phases.
Amplitudes in
B 0 ,B 0 → K s π + π −
and its graphics contributions
All intermediary states in The present method to extract CKM γ angle consists in combining the results of the analysis of both charged and neutral B meson decays. In particular it makes use of
Since Dalitz analysis can only reveal the relative contributions between the different amplitudes coefficients and their relative phases, one need to use the common and equal intermediary Cabibbo allowed amplitude, B ± → χ 0 K ± as the reference channel to this study. The recent Belle measurement of the B ± → χ 0 K ± with A CP = −0.01 ± 0.03 ± 0.02 [9] showed that it is a good amplitude to be used for this purpose.
4
The method
The usual Dalitz plot analysis from B ± → K ± π + π − decay can give the relative amplitude and phase difference between the B ± → K * (890) 0 π ± 2 and B ± → χ 0 K ± . These might be the same for the B + and B − since the only contribution is the V bt V * ts penguin diagram, in the K * (890) case. The agreement between these two parameters is important, it confirms the basic hypotheses that the hadronic final state interaction does not change the pure penguin nature of this amplitude. BaBar's result already indicate this hypothesis [4] .
The penguin amplitude coefficient extracted from [11, 12] . Consequently, we can use these parameters in B 0 andB 0 and extract the amplitude coefficient and phases relative to the tree component of the B 0 andB 0 into K * (890) ∓ π ± decays, including the CKM γ phase. We are able to measure separately the amplitude coefficients and phases of B 0 andB 0 decays using two properties: first, the time evolution of the partial width of the neutral B decay in the case where |p/q| = 1 can be written as [6] :
where dΓ(m 
The Probability Distribution Function (PDF) for the combined B 0 plusB 0 Dalitz plot should be written as:
N 0 andN 0 are respectively the |A 0 | 2 and |Ā 0 | 2 functions integrated in the phase space, which corresponds to the total number of events of B 0 andB 0 in the model. Fitting this distribution to the joint B 0B0 data sample, we can obtain the relative amplitude coefficients and relative phases among the intermediary states contributing to both B 0 andB 0 decays as well as the respective total number of events. The amplitude of the B 0 → Kππ decay in terms of the intermediary states χ 0 K s , K * (890)π, with the tree and penguin contributions, plus any other possible channel is written as:
where, the real parameters a's and δ's are respectively the amplitude coefficients and strong phases. P and T stands for penguin and tree contributions present in the K * (890)π components. R are functions of the phase space variables m The amplitudeĀ 0 for theB 0 → Kππ is similar, except for the γ sign. We write the amplitude A ± , for the charged mesons, in a similar manner, just remembering that there are no tree contribution in those decays for the K * (890) amplitude. From what was discussed previously, we assume that the parameters a χ , δ χ , a P K * and δ P K * should be the same in the neutral and charged systems. The idea is to measure those parameters with the charged B samples and use them in the joint neutral sample to measure the remaining, a T , δ T , a j , δ j and γ. Next we propose a realistic Monte Carlo situation to study the feasibility and the dimension of error associated at the method. One important factor to be able to measure γ, is the ratio r = a T /a P . The theoretical knowledge of this ratio is model dependent, some groups using factorization approach [12] arrive to large r and small phase difference between tree and penguin for the B 0 andB 0 → K * (890)π amplitudes. On the other hand, non-factorisable approach for pseudoscalar-pseudoscalar B decay [13] , presents an opposite scenario, small r and large phase difference. The method developed here is able to define what theoretical approach is more adequate, once it obtains both values, r and the phase difference. Since in our method we get the γ angle from the interference term, the error in its determination is basically associated to the size of r. For our simulations, just to get a dimension of the error, we assume the value of r = 0.45, close to the one obtained in the factorization approach.
In table 1 , column input, we show the generated amplitudes and phases for each resonance for B 0 andB 0 . For the fitted parameters, with 100K events, we listed the central values of the parameters distribution obtained in one hundred samples fits. The generated and fitted parameters are in very good agreement. It is shown that with samples of 100K, high significance for both amplitude coefficients and phases can be achieved. Finally, we can see in this table the estimate number of events to
3 Belle presented preliminary result of this decay [14] , however it is based in joint Dalitz analysis of B 0 andB 0 sample, assuming same amplitudes and phases for both decays. 
The Dalitz plot distribution with the parameters of table 1 is shown in figure 1 . 
6
Extracting CKM γ value
For the unconstrained example shown above, we have to fix only three parameters to obtain information from both B 0 andB 0 parameters. An unbiased analysis starts with the unconstrained fit followed by the verification of the several model hypothesis. The first basic hypothesis is that the amplitude coefficients for the channels B 0 andB 0 to K s χ 0 must be equal and it can be tested directly from data. With this hypothesis satisfied we can assume that:
where a P K * and δ P K * parameters should be measured from either
Then, using these equations, we can verify the second hypothesis, Figure 1 : o . The error in γ is estimated numerically through the spread of the calculated values of the 100 MC "experiments".
If all the hypothesis prove to be correct, one can reduce the error in γ by using the equation 4 and 5 constraints and fit for a . We did not consider the uncertainty due to the a P K * and δ P K * values that should be measured in the amplitude analysis of the charged B mesons. We anticipate the errors on those parameters to be small compared to the errors involved in the neutral system analysis, once the statistics is typically twice and the analysis has half the number of parameters.
Conclusion
We presented a method to extract the CKM γ angle using the combined Dalitz plot analysis from 
We showed that all these hypothesis can be tested before using them in a constraint fit.
Using this approach, it is possible to extract amplitude and phase, separately from B 0 andB 0 → K s π + π − from an untagged sample. From Monte Carlo samples, we found that this analysis is feasible and the associated errors are at the same order of magnitude obtained with Dalitz analysis involving similar samples and number of parameters. One important feature of this approach is that it's not necessary the existence of a strong phase difference between the tree and penguin phase to determine a CKM weak angle. We simulated this particular physical situation and found same magnitude, but different phase parameter for B 0 andB 0 → K * 0 π ± , that in this example, is the weak phase γ. The error obtained is equivalent to the one quoted above.
Finally, we showed that the amount of events necessary to perform this kind of analysis with a reasonable error, is more than one order of magnitude larger than the today B factories and equivalent to the expected for LHCb experiment. The method presented here is competitive with the other approaches to determine the CKM γ angle [1] and needs the high statistics expected for the LHCb experiment, due to the reference channel B → χ 0 K. However, in the case that the f 0 (980) resonance is dominated by the ss component [15] , or even if the ratio between the tree and penguin is negligible [16] , the B → f 0 (980)K amplitude could take place of the charmonium as a reference channel in the analysis. In which case, it would be possible to measure CKM γ angle with the data already available from the B factories. One could confirm the suitableness of this statment just following the steps proposed here for the decay involving χ 0 .
